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ABSTRACT — T*ua report provides informa- 
tion on the current status of NBS worK on 
measurement technology for semiconductor ma- 
teria la , process control, and devices. Re- 
sults of both In-house and contract research 
are shivered. Highlighted' activities In- 
clude: optical linewldth and thermal resis- 

tance OMasurements, device modeling, dopant 
density profiles, resonance ionization spec- 
troscopy, and deep- level swasureisents • 
Brief descriptions of selected on-going 
projects are Included, and recent publica- 
tions and publications in press are listed- 
Standardized oxide charge terminology devel- 
oped by a joint lEBE-KCS committee Is also 
described. The report Is not meant to be 
exheustlvei contacts for obtaining further 
Information ore listed. 

KEY WORDS — Electronics; integrated cir- 
cuits! meaturement technology; microelec- 
tronics; semiconductor devices; semiconduc- 
tor materials; semiconductor process con- 
trol; silicon. 


Preface 

This report covers results of work during the forty-eighth quarter of the NES Semiconductor 
Technology Program. This Program serves to focus MBS research on improved measurement 
technology for the use of the semiconductor device community in specifying materials, 
equipment, and devices in national and International commerce, and in monitoring and con- 
trolling device fabrication and assembly. This Research leads to carefully evaluated, 
well-documented test procedures and associated technology which, applied by the Indus- 
try, are expected to contribute to higher yields, lower cost, and higher reliability of 
solconductor devices and to provide a bSwis for controlled improvements in fabrication 
-processes and device performance. By providing a common basis for the purchase specifica- 
tions of government agencies. Improved measurement technology also leads to greater economy 
in government procurement. Financial support of ti.e Program is provided by a variety of 
Federal agencies. The sponsor of each technical project is ident.^fled at the end of each 
entry In accordance with the following code: 1. Bie Defense Advanced Research Projects 
Agency; 2. The National Bureau of Standards; 3. The Division of Electric Energy SysteM, 
Department of Energy; 5. The Defense Nuclear Agency: 6. The C. S. Draper Laboratory; 7. The 
Naval Air Systems Oomsmnd, 8- The Air Force Wright Aeronautical Laboratories: 9. The Army 
Electronics Technology and Dev'.cee Laboratory; 10. The Naval Weapons Support Center; 11. 
The Solar Energy Research Institute; 12. The Naval Avionics Center; 13. The Lewis Research 
Center, National Aeronautics and Space Adoilnistratlon; 14. The Office of Naval RSMarch; 
and 15. The Naval Ocean Systems Center. 

Thle report Is provided to dleeemiiute results rapidly tx the sond.conductor oomeiunlty. 
It is not smant to be complete; in pertlcular, references to prior work either at NBS or 
elsewhere are omitted. The Program la a contlmilng one; the results and conclusions re- 
ported hare are subject to modification and refinement. Further Information smy be ob- 
taiiMd by referring to laore formal technical publications or diroctly from responsibls 
staff mambers, talaphons; (301) 921-llatsd extensicn. General information, paat Isauee of 
progress briefa, and a list of publications may be obtaliMd from the Electron Devices Divi- 
sion, National Bureau of Standards, Washington, O.C. 20234, telephone: (301) 921-37S6. 
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Optical Linewidth Measurementa 

Analysis of ths Intsr laboratory ejqwrl- 
SMnt to avaluata tha optical llnawldth 
staasuraswrt procaduras davalcpad in this 
program aas ooaplatad. This study has 
provldad oonaidarabla inforaation on tha 
usafulnaas of tha MBS llnawidth aaasura- 
nant artifact and tha associatad proca> 
duras for ■aasuring linawidtha on photo- 
masks in tranasilttad light. 

Tha asasurwnnta of tha participants ax- 
hibitad syotasiatic diffarancas among 
thansalvas and from thosa of MBS. Al- 
thou^ a lina-spacing calibration lar- 
provad soma of tha largast systamatlc 
arrors. this typa of oalibration was not 
aufficlant to bring tha participants in- 
to agraamant with MBS. In a faw casas 
tha initial adjustment of the system in 
accordance with an MBS-fumiahad lina- 
to-spaca ratio and a lina-spacing value 
was sufficient for oalibration over tha 
dlmansional range of 0.5 to 12 pm. Mora 
generally, a linawidth oklibration curve 
was necessary. A constant offset mss 
adaquata in mama cases; a linear lina- 
width calibration curve was satisfactory 
for most maasuramant systems used in tha 
study. Tha results show that a separata 
calibration curve or constant offset is 
required for nsasuring lines of differ- 
ent polarity (opaque and clear) . Many 
of the maasuramant systems appeared to 
have flare, or scattered light, which 
affected tha magnitude of tha systematic 
error for opaque lines an compared with 
the systematic errors for clear linec. 

The data from this study clarify the 
need for measurement-control procedures 
in many of the measurement systems. 
Outliers were prevalent in the data and 
must be considered as part of the normal 
operating characteristics of such sys- 
tems. Single outliers in the data were 


fraquantr in the case of several sys- 
tems, an entire set of msasuraments (ta- 
ken during a single day by a Magla op- 
erator) was out of statistical control. 
The standard deviation of the msssure- 
ment process was close to or greater 
than *0. 1 um for about half of tha mea- 
surement systems. For some of the sys- 
tems, there were also significant day- 
to-day differenoes and curator differ- 
ences. In these cases, the osllbration 
curve am.y be applicable only to an aver- 
age of measurements made over several 
days, and calibration curves based on 
one otwrator nay be restricted to awa- 
suremen\:s by the same operator. 

The results of the study show that the 
MBS artifact and the associated measure- 
ment procedures are basically adequate 
for calllaratlng an optical-microscope 
linewidth measurement system in the 0.5- 
to 12-)jn region provided that the system 
is in a state of statistical control. 
Based on the Jesuits of this study, tiie 
pattern on the artifact was changed 
slightly and the procedures were rewrit- 
ten to iaprove their usefulness. The 
improved version of tne artifact is be- 
ing made available as SBM 474 (Optical 
Microscope Linewidth Measurement Stan- 
dard).^ (Spcnsort 2] 

(J. H. Jerks, x3621, and C. Croarkin® 
and R. Varner,® x2806) 


Thermal Resistance Measurements 

In qualifying the equipment built to 
measure the thermal resistance of power 
transistors being certified as standard 
reference materials for thermal reslc- 

*SM Statl^tlckl InglnMrliif DlvUlon. 

^SRM 474 May ba purchaaad Crow tfca Offioa of ataadarS 
■afaranos Satariala, Ikxw *111, Chaulatry Bolldinf. 
Satlonal Bwraaa of Btaadarda, Mashinsto;,, OC 20234, 
at 4 prioa of 03600, 
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Cooling curvm for a bipolmr traatintor 
mounted on a TO-3 bemder* Poiate arm 
ahomn for 10, 20, 40, 80, and 160 pa af- 
ter atritehing from the collector currant 
to the meaauriog current Un- 

corrected data are abamn aa •/ data cor- 
rected for the effect of the traaaiator 
leada are abamn aa a. The aolid line 
■ abama the expected equate root cf time 
dependence of the junction teaperature, 
tanca aaaauraawnta, it was diacovarad 
that the kcvar laada uaad In the hemat- 
ic packagaa can causa a substantial 
aaount of error in asking the aeasura- 
aant. 

The test for tharaal rasistanca involves 
switching the collector currant of the 
transistor from a high value to a low 
valuai the taag>arature-sar.sltiva paraaa- 
tar, which is the basa-asdttar voltage 
in this instance, is asasurad aa soon 
after the switching as possible so that 
the device has not had tiae to oool sig- 
nificantly, Ideally, the voltage wave- 
form observed across the base-emitter 
junction is a large step decrease on 
which is superiapoaed a saall tiaa- 
dependent increase. This increase re- 


sults from the change in junction tsa- 
perature which is sxpactsd to dscreass 
as the square xMot of the tine after the 
device is switched. In practice, the 
voltage is asasurad at the asternal 
leada of the transistor package rather 
than at the body of the transistor. 
Typically, the apparent teaperatvra is 
found to deereasa much more rapidly than 
expected at early tines as illustrated 
by the unoorrected data in the accom- 
panying figure. 

The kovar leads introduce substantial 
distortion in the measured base-emitter 
voltage wavefom. The effect of this 
distortion lasts for over 100 ys and is 
in a direction which would cause the 
observed deviation of the cooling curve 
from the ekpected form. The distortion 
was observed directly as an overshoot 
when the chip was disconnected from the 
leads on a TO-3 header and replaced ll^ * 
copper shorting bar soldered across the 
base and emitter leadS; and the large 
heating currant and small aaasuring cur- 
rent were alternately driven through the 
device by the thermal resistance cir- 
cuit, No distortion was observed in the 
waveform generated for a U-shaped piece 
of copper wire inserted into the socket 
in place of the TO-3 header, or in the 
waveform generated for a 3-ca Long piece 
of solder (which had the sane resistance 
as the kovar leads) inserted into the 
socket in a similar manner. However, a 
steel paper clip inserted into the sock- 
et also produced distortion in the wave- 
fom, It is surmised that the magnetic 
material present in the kovar leads is 
responsible for this effect. There ap- 
pears to be some contribution by the 
TO-3 header itself if it is aagnetic, as 
the distortion is sll^^tly less for non- 
magnetic headers. 

The cooling curve can be corrected by 
subtracting one-half the value of over- 
shoot for any given tiae from the mea- 
sured voltage (one-half because in prac- 
tice the )ieating current is passing 
through the emitter lead only). An ex- 
aaqtle of a corrected curve is shown in 
the accon^anying figure. 



This obssrvsd dsvistlon from ths idssl 
cooling curve has iu ths past always 
baaa rafarrad to as being osusad by non- 
thermal switching transients* H>a af- 
fect is mora pronounoad at higher cur- 
rants and was often thought to ba the 
result of not being able to quickly and 
oos|>lataly switch tbs transistor from 
one stats to another* Xt is not 
o b aarvad in maasoramanta made on plastic 
power translators with aonmagnstlo 
leads* (Spensort 2] 

(O* N* Burning, x3d21) 


Dopant Dansitt' Profilaa 

Dopant density profile data ware ob- 
tained on several uniformly doped sili- 
con wafers free 1-MEa capaoitanoa- 
voltaga (C'^) maasursmaats on p-n junc- 
tions and Bobottky barrier diodes and 
from de msanuramants on four-termi n al 
NOBnts* Tba sjgsrimants wars carried 
out to ooapara these nondestruotivo 
elsotrical techniques and to idanti.fy 
llaltations and Influanoas which i^^ot 
tbs results* Xt was found that tie 
analysis tsedmiquas currently being used 
did not always yield dopant denoity val* 
uas which are constant with dapth intc 
tba wafer* 

The massu r a m a n ta on the p-n junction 
yield the correct dopant density, oo ^ 
pared to bulk resistivity determina- 
tions, at shallow depths but indicate 
increasing values of dopant dsnsity at 
depths graatar than a few mi cr oms t ars* 
This increase is attributed to a small 
amount of parasitic MOB capacitanoa that 
becomes a significant fraction of the 
total capacitance as the bias voltage la 
increased* Henoe, as the bias voltage 
Increases, ths maasured capacitance de- 
creases lass rapidly than expected for 
uniformly ^ped material. The analysis 
program now being used corrects for pe- 
ripheral capacitance effects and for the 
nonabrupt junction, but does net provide 
for inclusion of parasitic capacitances* 
Therefore, it interprets the slowar ca- 
pacitance decrease as an increasing dop- 


ant density* This increase is greater 
for smaller devices, consistent with the 
parasitic capacitanoe explanation* A 
similar effect has been ebserved in the 
C-V maasuremants cn BohottJcy diodes * 

Profile meaeuremaats on four-terminal 
NOBflTs with fiianael lengths to 36 m* 
yield (pradually decreasing dopant densi- 
ty values with Inoreasing depth in Bpeo- 
imene with a low value of dopant density 
(3 X 10^** 0^3)* This result is attrib- 
uted to sbort-ehannal effects in the 
NOaPBTi as yet the analysis program does 
not includs those effects* Although the 
results obtained with these three tech- 
niques agree to within about 25 percent, 
it will bo neoessary to develop analysis 
programs which correct for ths effects 
which are reepcnslble for these diver- 
gent trends before these tauhniques can 
be optimisad for application to the 
specialised requirements of VLBX tsch- 
r.ologies* (dponaort 2] 

(0* P* Carver, x3541) 


Devic« Morfflling 

An i mp roved ooeputer code for analysis 
of surfaos diannel NOSPCTs was devel- 
oped* In this cods, the Oharge-abset 
2 <r>del originally proposed by Brews was 
modified and extended to sbort-chanhel 
<0.S-)fli) surface channel NOBPiTa* Two- 
dimensional electrostatics and an im- 
proved formulation of the surface chan- 
nel electron density are oombined uith 
an adaptive multlgrid finite element 
technique* Current-voltage Oharacteris- 
tics of NOSFBTs can be calculated with 
two- and four-fold memory apace reduc- 
tions and speed increases of four- to 
ten-fold over oonventional finite ele- 
ment and finite difference approaches* 
These results are achieved by 1 ) elimi- 
nation of one of the equations usually 
used ill short -channel models ard 2) im- 
provements in numerical nsthoda which 
allow detailed simulations of MOBF^s to 
be performed with high accuracy on large 
ainicotqiuters* The effects of channel 
li^laots and field dspendence of mobil- 
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ity «r« Mcily Included In the aodel. 
In the lon9-Q^>UMl« oonetent-enbility 
eaee. the aodel le identleel to the Mod- 
el deduced free long-channel theory, in 
the ehort-chennel cnee, the effeete of 
channel doping, oxide thiokneae, and 
eouroe-and-drain profile ahape are fully 
included. Thia code will be nade pub- 
licly available after fuxther teating 
and publication of th? underlying the- 
ory. [^onaori 2] 

(C. L. Nilaon, X362S, and J. L. Blue*) 


Rasonanct Ionization Spactroscopy 

Sodlun haa been detected qualitatively 
in three aenieonductor ^eclaana by 
neana of a new analytical technique 
baaed on laser ablation and reaonanoe 
Ionisation apeetroaoopy (lABlS). The 
teat apeclaana were a high-reaiativity 
(500- to 1200-()*cai) p-type float-soned 
aiUcon slice with {111} faces, a 
dislocation-free (50- to 100-n*ca) n~ 
type float-soned silicon alice with 
{511} faces, and a silicon-doped 
(0.0036-n*cn) galliun arsenide ulioe 
with (100) faces, nie o^erinental ap- 
paratus consists of a cylindrical pro- 
portional counter provided with ports to 
adnlt the test specinen, an ablation 
probe, and two analytical probesi a 
cross section of the oounter is shown in 
the accoapanying figure. 

h snail volisM fron the test specinen 
(%^0~^ cn^) is vaporised inside the 
proportional oounter by a dye laser 
pulse with irradlanoe in the 1C' W/ca^ 
range. Bquilibriua of the evaporated 
aatarial in the counter atnosphere is 
reached in a few aicroseconda after the 
ablation pulse, which ia focuaed to a 
dianetar of about 0.1 na. By irradia- 
tion of this equilibrated material with 
tw laser beans of appropriate frequen- 
cies, ^otolonl nation of a particular 
atoodc species contained in the vapor 
can be achieved aa previously discussed 
for the case of sodiun in a gaseous saa- 
ple. Tba released electron ia subse- 
quently nultiplied and detected as an 



two lammt beans (RXS probesj used for' 
pbotoioniMMtioo are 3 ^ in dienster/' 
they are dimetnd cosxieiJy In opposite 
directions parsiiei to the oouatsr axis 
sod dlmplmoni shout 3 mm sway /run ths 
•pmeimn surface. 

electrical signal associated with the 
photoionized aton. 

Several effects associated with the ab- 
lation prooess influence the vapor san- 
ple ocagx>sitlon and consequently nay in- 
poee severe linitatlons on obtaining 
quantitative data with the LMU8 tech- 
nique. The ablation laser first gener- 
ates a plasna in the atno^here in front 
of the apecinan surface. For the laser 
Irradianoes used, a laser-supported ab- 
sorption wave (LSAW) is generated in 
front of the target. Xt expands both 
axially qp the laser probe and radially 
over the target surface with velocities 
in the 10^ cm/m tangs. Beat is injected 
into the specinen surface through uv- 
radiation transport and themal conduc- 
tion nechanlsns. While the ablation 
pulse is on, the surface tenperature at 
the focal point rapidly rises urtil the 
p'asna density is high enough to cause 
probe decoupling by the expanding LSAW 
front. In particular, the specinen 
crystallographic orientation influences 
the crater characteristics. On (ill) 
silicon surfaces, oone-shaped craters 
with abundant nataxial radepoeition are 
developed. The ejected naterial is 
conpresaed back )>y the front of the 
laser-supported absorption wave gener- 
ated by the ablation pulse, and a melted 
taterial rln is develo^d around the 

*NBS Sciartidc Coaputing Dlvlalon. 


6 


crater. The rla pr trudas above the 
surface foraln 9 a wall that stope aate- 
rial flying close to the surface. On 
the other hand, on {$11) silicon sur- 
faces. shallow bowl-shaped craters with 
no significant ■ate.'ial mdeposltion are 
developed. Differences were also ob- 
served between craters produced on 
lapped and polished surfaces. These 
various differenoes illustrate a strong 
influence of the surface properties on 
the ablation awchanlss. 

To obtain guantitative data froa the 
LARX8 technique, it will be necessary to 
establish a correlation between the den- 
sity of the detected ^ecies in the va- 
por sasple and its nusbar density in the 
speclsen. This requires further cnarac- 
terlsation of the specisen and Ito in- 
fluence on the ablation process, the dy- 
nreics of the L8AN, and the equilibrivaa 
conditions in the chasber ataw^here 
following the ablation pulse. [Spon- 
sors: 2,14] (S. (toyo, x3625, 

and G. G. Luther,* x2061/ 

Deep- Laval Measurements 

Optical absorption studies of sulfur- 
doped silicon have shown closely q>aced 
absorption lines that do not appear to 
cone fros a single species, but do ap- 
pear to be related to the presence of 
sulfur. A Model that attributes these 
closely spaced lines to a groi^ of 
sulfur-ispurlty or sulfur-defect oos- 
plexes has been proposed. Details of 
this %nrk were presented at the March 
1960 Meeting of the Aswrican Physical 
Society snd will appear in Applied Phye- 
iae Letters , 

Multiple levels with closely spaced en- 
ergies cannot be resolved by electrical 
deep- level techniques with a precision 
equivalent to that of the optical Msa- 
sursMents. Recent deep-level transient 
spectroscopy (DLTS) Maasurenents on 
junction diodes have shown that, at any 
given fixed tenperature, the thermal 
emission rate (the measured quantity 
from which activation energy is derived) 


is not a unique characterisation parame- 
ter for the levels observed in sulfur- 
doped silicon. ^ecifically, it has 
been found thet the thermal emission 
rate is a function both of depth below 
the p-n junction and of the previous 
thermal history (i.e., prooesslng) of 
the test davioe. Differences in the 
tenperature of the measured DLTS peak 
position for a given emission window 
(i.e., given double-boxcar sampling time 
settings) were observed in two ^Moinens 
which had been prepared for opticel ab- 
sorption measurements by diffusion of 
sulfur into silicon at 1350*C In evacu- 
ated, sealed quarts tubes. Doe qweinen 
bad been diffused for 22 h and the other 
for 200 h. 

The variations of the electrical results 
obtained to date are consistent with the 
variebillty expected if sulfur gives 
rise to a manifold of closely qtaced 
states in silicon. Measurements are in 
progress to determine lAetber this situ- 
ation is peculiar to sulfur or is also a 
characteristic of elements such as gold 
or platinw which are oommanly used for 
lifetime control in silicon. If sulfur 
is not exceptional in this regard, it 
may seriously impact the significance, 
understanding, and value of deep-level 
measurements for emny applications. 
(Sponsors: 2,3] (W. I. Riillipe, 

' N. R. Thurber, and R. A. Forman, x3625) 

Oxide Charge Terminology 

A oonmittoe'l' established by the Elec- 
tronics Division of the Blectrochemical 
Society and the ISSB-sponsored Semicon- 
ductor Interface Epecialists Conference 
has proponed standardised terminology 
for oxide charges associated with ther- 
mally oxidised silicon. The recosmended 
names for the four types of charges 

*ee> Ovatar for abaelnta Miyaieal Ouatltlaa. 

OMBlttaa ima okalrad br a. t. Oaal, ralrehlU. 
Othar MBbara m«i H. N. SnUla, MSi •. a. Sot- 
lar, Lahiyb, t. B. Blooliian, Bail Laba, aa4 o. B. 
rooa 9 , IBM. A. nalanan, ibk, aaa ti.; wm Blactne- 
Ica Dlvlaloa rapraaaatatl va aad A. Taaoh, Tl, aaa 
tha ISSB tiac rapraaaatatlva. w. BalA, Aachaa, tad 
T. Sigaae, Tekya, tmr» tha luropaan and Japanaaa 
rapraaantatlvaa, raspactivaly. 
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VMM «atf iooaCion of etmrgm iu thmr- 
a&Uy oridisad mUieoo. c I9f$0 xnv.* 


pnMnt in this mfttmm ars glvsn la ths 
accoapanylny flgur* idileh also llloa- 
tratoa thalr loeations. Tho ayabols Q 
and H, soitsbly mbaerlptod« aro pro- 
poaad for tha not offoctlvo charpa par 
unit aroa and tha nat affactiva noabar 
oS uhargM par unit araa, raspaetlvaly, 
at tha slUoon-alllooa dloxlda latar- 
faoa« Tharafora* ■ « ) Q/q |« idiora q la 
tha alactroale ebarga* Aa raooMaadad 
unit for Q la oouloaib par aquara oantl- 
■atar and for >, nuahar par aquara oan- 
tiaatar. Tha alqn of Q xa eithar poal- 
tlva or nagatlaa dapandlnq on tdiathar 
tha aajorlty of charqa la poaltlaa or 
naqatlva. By daflnltlon, howavar, I la 
almya poaltlva* Uao« It ahould ha 
kapt In adiid that Q and M ara daflnad m 
affactiva nat enarqa at tha allloon- 
alllcoo dloxlda lntarfaoa> avan thou^ 
tha actual chazqa danslty aMy ha oonald- 
arably larqar i.f tba enarqa la loeatad 
acaw dlatanea froa that Intarfaoa. 
charqad tr-,pplnq oantara ara not oovarad 
by thin propoaad tarnlnoloqy. Tha rac- 
oaniandad ayatela ara: 


Flxad Oxlda Oiarga 
Noblla Imiic Charqa 
Intarfaca Trappad Charqa 
Pxlda Trappad Uhirqa 



at 


In tha oaaa of intarfaoa trappad charqa. 
It la oooBon to axpraaa Ita danalty in 
terna of urlt area and energy In the 


aillcon ba.>''qap. Therefore, a apaclal 
ayahol la racoaaaandadi 

Intarfaoa Trap Density 0^^ 

Tha raooMandad unit for D la nuatber par 
square oantlnatar and alactron volt. A 
■ora ooavlata dlsooaalon of tha xatlo- 
nala and prooaduras used la tha aelac<- 
tlon of the baralnoloqy nay ba found la 
artlolM fay tha ooaalttae dialraan In 
tha April 1980 issue of tba •Toiimal of 
thm EteetnohgmUMl Soeimty and tha 
March I960 issna of tiia iZES Tnetnue- 
tioru on Elootron Doviott* 

Work in Pragran . . . 

Liwewldth Unlfonalty WeasoroMents - me 
appUoablUty of Mltlpla crosa-brldga 
resistor (CBB) arrays for ■aasnrlnq 
Unawldth unlforadty on pattama with 
1.28-un feature slsa Is datarninad by 
both tba praelelon of tba ■aasnraaaot 
systaa and tha Una-adga chacactarls- 
tles. The ratio of the saa^la standard 
deviation to tha naan for rapaatad saa- 
suraaanta on tha saaa CBR Is b s twaan O.S 
and 1 parosnt. For a d'-pa dMlqn Una- 
wldth, thla oorrasponds to a ■nasuraaent 
precision of 0.03 to 0.06 m. Tha ultl- 
■ata llaltatlon of tha rasolutlcm of tba 
CBR arrays will ba dataralnad by the 
control of tha Una-adqa charactarla*' 
tloa. Walialnary bbm axMi nation of 
alualnoi CBRs fabricated by oonvantlonal 
chaadlcal etching tachnlquaa ahow that 
tha edge profile is approxiaataly para- 
bolic and has a toughnaas of tba order 
of tha aliadniB grain alsv. [Sponsors: 
7,8, 9J (D. Tan, X3S41) 

Band Structure Calculations - cbangM ir 
thw oonductlon energy levels and tha 
Feral energy m functlona of taaparatura 
arS dopant dsnaltlM ara naadad In tha 
calculations of diffusion ooafflclants 
for process aodals of davioaa greater 
than ana aicroaetar and in calculations 
of ball istic transport and velocity 

*naprlnt*J[, irttta paniaaloo, tram ■txadardlaad Teral* 
seloar tor ORia* OIW 9 M AMOclatad Wltli IMnally 
Oxidisad dlUeea, b* arm B, OmI, ahlcli iBaMraa la 
jsn Tmiu. Slsotrm Dtoiett a>-2T , eoe-soi oareh 
1M0). 
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overshoot In suhadcroa>.ter devices* Us- 
ing a foraalisa which approxlaates the 
screened oouloed) potential by a Bargaann 
potentlalf the changes in the I'ezmi en- 
ergy and in the iirst conduction state 
of silicon were calculated for twiqpera- 
tures frou 300 to 1300 K and for donor 
densities from 10^^ ca~^ to 10^^ ca~^. 
The results agree to within experiaental 
error with the bandgap narrowing inter- 
pretation of data froa silicon devices. 
They also agree with optical data. Such 
data for comparison are available at 300 
K and for dopant densities of 10^^ aa~^ 
to 10^*} cn~3. (Siponaor: 2] 

(H. 8. Bennett, x3625) 
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